We consider the tachyon-brane inflationary universe model in the context of a polytropic gas equation of state. In slow-roll approximation, we discuss general conditions of this model. For exponential potential, in high-energy limit the characteristics of the model are presented. By using the seven-year Wilkinson Microwave Anisotropy Probe (WMAP7) observational data, we constrain the cosmological parameters of the model. 
Introduction
It is well-known that the Big Bang model has many longstanding problems (horizon, flatness,...). In a framework of the inflationary universe model, these problems may be solved [1, 2] . Causal interpretation of the origin of the distribution of large scale structure, and also observed anisotropy of the cosmological microwave background (CMB), may be studied by using a scalar field as a source of inflation [3, 4] . In the past few years, cosmologists and particle physicists have studied phenomenological extra-dimensional models. For example, a reduction of higher-dimensional gravitational scale, down to TeV-scale, could be obtained by extra dimensional scenario [5] [6] [7] . In these models, gravity could propagate in the bulk while the standard model of particles is confined to the lower-dimensional brane. The effect of the extra dimension induces additional terms in the Friedmann equation in the brane scenario [8] [9] [10] . Especially, a quadratic term in the energy density generally makes it easier to obtain inflation in the early universe [11] [12] [13] [14] [15] . In the context of string theory/M-theory, the braneantibrane configurations could be related to FriedmannRobertson-Walker (FRW) cosmological models [16] . It was shown that tachyon fields associated with unstable Dbranes could be responsible for inflation scenario [17, 18] . If the potential of the tachyon field has a dominant roll in the inflation era, a new form of matter could evolve from the inflationary universe to an era dominated by nonrelativistic fluid [19] . Tachyon scalar field φ is described by relativistic Lagrangian [19] as
The stress-energy tensor in spatially flat FRW spacetime, is given by
From the above equation, energy density and pressure for a spatially homogeneous field have the following forms:
where V (φ) is a scalar potential associated with the tachyon field φ. Important characteristics of this potential
On the other hand, the polytropic gas has been proposed as an alternative model for describing the acceleration of the universe [21] . The polytropic equation of state has been used in various astrophysical situations; for example, it can explain the equation of state of degenerate white dwarfs, neutron stars, the equation of state of main sequence stars [22] , and in the case of Lane-Emden models [23, 24] . The equation of state of the polytropic model may be seen in mathematical biology [25, 28] , statistical physics [26] , and astronomy [27] . This model may be useful in cosmology [29] [30] [31] . In Ref. [29] [30] [31] the simple models of our universe have been studied using a generalized equa- and Planck density ρ = 5 16 × 10 99 3 . For a given generalized polytropic equation of state, the inflationary expansion is driven by using vacuum energy [29] [30] [31] . After this period ( ) the universe inters in the radiation era. In pre-radiation era ( 1 ), it was shown that ρ ρ where the Planck density ρ can represent an upper bound for density [29] [30] [31] . For a constant value of density we have a phase of early inflation. In the present work we initiate tachyoninflation model by using the polytropic equation of state. Previously, chaotic inflation in the context a phenomenological modification of gravity inspired by the Chaplygin gas equation of state, has been studied by Bertolami et al [32] . According to this model, the scalar field which drives inflation is the standard inflaton field, which can be extrapolated for obtaining a successful inflation period with a Chaplygin gas model. After that, this scenario is extended to the Chaplygin inspired inflationary model in which a brane-world model is considered [33] . Herrera extended his previous work [33] to the tachyon-Chaplygin inflation on the brane [34] . In the present paper we extend this last model to the tachyon-polytropic inflation on the brane. The outline of the paper is as follows: In the next section we describe the brane scenario. In section 3, we present a short review of the modified Friedmann equation in the brane model in the presence a polytropic gas, and also we consider the tachyon-brane-polytropic inflationary model. In section 4, we study the scalar and tensor perturbations in our model and derive the cosmological parameters. In Section 5, we use an exponential potential in the high-energy limit for obtaining explicit expression for the model. Finally, in Section 6, we present a conclusion.
Brane scenario
We may live on a brane which is embedded in a higher dimensional universe. This realization has significant implications to cosmology [5] [6] [7] [35] [36] [37] [38] . In this scenario, which is motivated by string theory, gravity (closed string modes) can propagate in the bulk, while the standard model of particles (matter fields which are related to open string modes) is confined to the lower-dimensional brane [39] [40] [41] . 4 Einstein's equation projected onto the brane has been found in Ref. [10] . The Friedmann equation and the equations of linear perturbation theory [42, 43] may be modified by these projections. We would like to study tachyonpolytropic inflation in the Randall-Sundrum braneworld scenario [44, 45] . In the Randall-Sundrum cosmological model, the idea that the universe is in a 3d-brane within an extra-dimensional bulk spacetime, is successfully consolidated by the issue of inflation of a single brane in an AdS bulk [44, 45] . Einstein's equation in the Randall-Sundrum braneworld with cosmological constant as a source and matter fields confined to 3-brane, may be projected on to the brane as a following equation [10] :
where M 4 and M 5 are Planck scales in 4 and 5 dimensions, respectively, E µν is projection of 5d weyl tensor, T µν is energy density tensor on the brane and π µν is a tensor quadratic in T µν . Effective cosmological constant Λ 4 on the brane in term of 3-brane tension λ, and 5 cosmological 
where is scale factor of the model and ρ T is total energy density on the brane. The last term in the above equation denotes the influence of the bulk gravitons on the brane, where ε is an integration constant which arises from Weyl tensor E µν . This term may be rapidly diluted once the inflation begins. The projected Weyl tensor term in the effective Einstein equation may be neglected. Therefore, this term does not give significant contribution to the observable perturbation parameters. It is also assumed that the Λ 4 is negligible in the early universe. The Friedmann equation is reduced to
where we have used natural units ( =¯ = 1), and κ = 8π 3M 2 4 .
Polytropic inflationary universe
The polytropic fluid has been proposed as an alternative model for describing the accelerating of the universe where its equation of state is given by
where P and ρ are the pressure and energy density of polytropic gas, respectively. By inserting Eq.(3) in equation of conservation energẏ
we obtain
where B is a constant. Since ρ ∝ −3 , and by considering the matter field, we can write ρ φ ∝ −3 , so we can rewrite Eq.(5) as
where K and are constant values called in the literature the polytropic constant and the polytropic index, respectively. The polytropic constant K can take the positive value for radiation and stiff fluid, the zero value for dust and the negative value for inflationary scenario [21] . From equation of state (3) we can find squared speed of polytropic fluid as
so this fluid is stable where [47, 48] 
The = − 1 2 case is motivated by string theory [49] [50] [51] [52] . For inflation model (K < 0) which is described by unstable tachyonic fluid, it is assumed that K < 0 > 0 [29] [30] [31] . In the framework of the five dimensional brane scenario, the Friedmann equation is given by Eq.(2), Therefore the modified Friedmann equation of polytropic gas on the brane take the following form
Here, we assume ρ φ =
is the tachyonic potential. We can find tachyonic equation of motion by using conservation equation for tachyon fielḋ
By considering the slow-roll condition, i.e.φ 2 1 and φ 3Hφ, we can rewrite the Friedmann equation as
Also, Eq.(10) takes the following form
Now, we introduce the slow-roll parameter as
Out of the slow-roll approximation, the kinetic energy is comparable to the potential energy that causes inflaton to begin an oscillation around minimum of the potential while losing their energy to other fields present in the theory [53] . By taking time derivative of Eq. (9), and using Eq. (12), we have
also we find
During the inflation the parameter should satisfy the inequality < 1, so using Eq. (14) we can find the general condition which is required for this model to be realizable in slow-roll approximation.
Finally, inflation ends when 1, so in this time we have
In the high-energy limit
Eq. (17) we have
The number of e-folds at the end of inflation is given by
or in another form we have
Perturbation
In this section we would like to study the perturbations for our model. In quantum cosmology the spectrum is an interesting primary quantity, which can be extracted from a two-point function of two quantum fields at the same time. The spectrum denotes a measure of the size of field fluctuations. The power-spectrum of the curvature perturbation for tachyonic fields is given by
We find spectral index
where, the relation between number of e-folds and interval in wavenumber ln = − N, was used. Running of the scalar spectral index is
This parameter can be obtained from the seven-year Wilkinson Microwave Anisotropy Probe (WMAP7) results.
In terms of this data, α is approximately −0 038 [54] . On the other hand, gravitational waves could be obtained by tensor perturbation in the inflation epoch. The amplitude of these perturbations was obtained in Refs. [55, 56] = 24κ (24) where Using Eqs. (21) and (24) the tensor-scalar ratio is given by
From WMAP7 results we have P R 2 28 × 10 −9 = 0 017 < 0 36 [54] .
Exponential potential
In this section we will consider special tachyon potential with property (lim φ→0 V (φ) → V ). The potential with these conditions has the form (26) where α and V 0 are constant. This choice of effective potential is derived from string theory calculations [17, 18, 57] . α represents the mass of tachyon field [17, 18, 58] , so α is a positive parameter. By using Eq. (20) 
where
The epoch, when the cosmological scales exit the horizon, is denoted by the subscript " * ". The end of the inflation period is governed by the condition 1, so we have
In barotropic case = 1, we can find the form of the potential at the end of inflation as
Using Eq.(21), the scalar power spectrum is obtained:
From Eq. (25), we obtain the tensor-scalar ratio in highenergy limit that is given by
where, in high-energy limit (22), we have and from Eq.(23) the running spectrum becomes
For effective potential (26) we have V = −αV , so, By using Eqs. (32) and (33), we can analytically solve α and K in terms of , R , V , and λ as ( * ) = 0 017, we can obtain a lower limit for V 3 λ when the cosmological scales exit the horizon λV 3 > 1 9 × 10 −6 (37) where κ = 1.
Conclusion
In this article, we have considered the tachyon-polytropic inflationary model in the context of a braneworld scenario. Slow-roll parameters and η have been obtained in slow-roll approximation. The condition for inflation epoch ( < 1) leads to a general relation between scalar potential and its derivative. In high-energy limit, and by using an exponential potential we have found scale-invariance spectra of scalar and tensor perturbations R , , ratio of these parameters, spectrum index , and its running. We may constrain these parameters by WMAP7 observational data. By using these data we have found a lower limit for effective potential V .
